Abstract -Many organizations worldwide develop standards that affect nuclear instrumentation and control (I&C). Two of the primary standards organizations are the US IEEE's Nuclear Power Engineering Committee (NPEC), and the IEC subcommittee on Reactor Instrumentation (SC45A). This paper surveys the contents of the two sets of standards. Opportunities for complementary use of IEEE and IEC standards are discussed.
I. INTRODUCTION
The collections of IEEE and IEC standards have some overlap, but in many cases cover significantly different topics. For example, IEEE standards go to great depth on environmental qualification of many specific types of components, while IEC covers the topic only at the general level. Conversely, certain IEC standards deal with specific instrumentation and control functions, a topic area where IEEE standards are largely mute. This paper considers how the two sets of standards may be used in a complementary fashion to achieve broader topic coverage than is possible using only one or the other standard suite.
To understand the similarities and differences between IEC and IEEE nuclear standards layer diagrams were developed for each set of standards. Another paper [1] used the same layer diagrams to investigate where coordination between the two sets of standards is most critical.
II. LAYER DIAGRAMS
Layer diagrams show the structure of a set of documents from the most general to the most specific. This study used the layer structure defined by Moore for the analysis of software engineering G. L Johnson is a Technical Advisor to the US National Committee of the International Electrotechnical Commission. (telephone: 925-423-8834, e-mail: gljohnson@ieee.org) standards [2] . This structure uses six layers:
Terminology -Documents prescribing terms and vocabulary.
Overall guidance -Documents providing guidance covering the entire collection of standards.
Principles -Documents describing principles / objectives for use of the standards in the collection.
Element standards -Standards that are typically the basis for compliance.
Application guides -Documents that supplement or give advice for using standards.
Techniques -Documents describing methods and techniques that may be helpful in accomplishing requirements or guidance of the collection of standards.
Layer diagrams were developed for both the IEEE and IEC standards. The development of layer diagrams showed that the standards from both organizations may be categorized into three groups: 1) standards describing general design topics that are applicable to all, or a wide range of specific functions, 2) standards dealing with human factors engineering issues including human-machine interface design as well as human factors engineering techniques, and 3) standards dealing with specific instrumentation, control, or electrical system functions.
The combined layer diagrams developed to show the standards in each of these three categories are in Tables 1 through 4 . These diagrams represent one view of the standards. Other views using layer diagrams are possible, but the organization selected here is at least useful to frame the discussion below. Guidance from other organizations, such as ISA or standard practices from IAEA would also be useful to show on these layer diagrams. That effort is left for later.
III. ANALYSIS
Areas where the two sets of standards complement each other may be understood by working down through the layers. The top three layers of each category are common to all diagrams.
The IEEE nuclear power standard set includes several general industry standards that were selected by NPEC as particularly relevant to the nuclear industry. There is no similar practice in IEC SC45A to embrace other IEC committees' standards. The IEEE list of relevant general standards has not been updated recently. Certain software engineering and EMI standards endorsed by NRC might be added.
The IEC standards are considered industry specific standards under a general industry systems standard, IEC 61508. This is a relatively new development and the relationship between 61508 and the nuclear standards has not yet matured. No comparable relationship exists in the IEEE sphere.
The IEC depends upon IAEA safety guides to provide overall design principles for I&C systems, therefore, this analysis treats the overarching IAEA I&C safety guides as IEC principle standards. Currently these principles are provided in IAEA Safety Guides D3, "Protection System and Related Features in Nuclear Power Plants," and D8, "Safety Related Instrumentation and Control Systems in Nuclear Power Plants." These two guides are soon to be replaced by a unified guide, " Instrumentation and Control Systems Important to Safety in Nuclear Power Plants," which in draft form is designated as DS252. Neither the IEEE nor IEC standards organizations provide the overall guidance for nuclear power systems. This function is reserved for national regulatory authorities. Thus the IEEE standards look to the requirements of the US Code of Federal Regulations, Section 10, Part 50, "Domestic Licensing of Production and Utilization Facilities," and in particular to Appendix A dealing with light water reactors (LWR). IEC standards, on the other hand, must account for the regulations of all member states. It is not practical for the IEC standards working groups to be familiar with such a broad range of guidance, therefore the IAEA Safety Standard NS-R-1, "Safety of Nuclear Power Plants: Design" is used as the practical source of overall guidance. NS-R-1 is approved by the member states; thus it should represent guidance that is consistent with all member states' regulations. Nevertheless, there are differences in the nature of the NRC and IAEA guidance that cause unavoidable differences in detail. For example, the NRC regulations contain very specific requirements for LWRs while the IAEA requirements cover a broad range of reactor types.
The consistency between IAEA and NRC requirements is about as good as can be expected. Thus the standards written to the two sets of frameworks should be relatively compatible. This is especially true for the lower-level standards, which focus on narrow topics. Nevertheless, that the two sets of standards derive from different overall guidance places a burden on users to be alert for disconnects that need to be addressed whenever standards from IEC and IEEE are used together.
IV. CONCLUSIONS
Clear opportunities exist to use IEEE and IEC nuclear power plant standards in concert with each other. Tables 5 and 6 summarize the IEEE and IEC standards that well supplement each other's existing standards.
Future work will be done to understand the detailed issues in using these standards together and the possible conflicts raised where IEEE and IEC standards overlap.
For the present it is hoped that tables 5 and 6 will help standard users to identify additional sources of information that will help them in the design, procurement, and deployment of I&C systems. 
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